Structure and Dynamics of Collagen Hydration Water from Molecular Dynamics Simulations: Implications of Temperature and Pressure.
Dynamics of water molecules in hydrated collagen plays an important role in determining the structural and functional properties of collagenous tissues. Experimental results suggest that collagen-bridging water molecules exhibit dynamic and thermodynamic properties of one-dimensional ice. However, molecular dynamics (MD) studies performed to date have failed to identify icelike water bridges. It has been hypothesized that this discrepancy is due to the experimental measurements and computational MD analysis having been performed on very different systems: complete tissues with large-scale collagen fiber assemblies and individual tropocollagen fragments, respectively. In this work, we explore ways of emulating a tissuelike macromolecular environment in MD simulations of hydrated collagen without increasing the size of the system to computationally prohibitive levels. We have investigated the effects of temperature and pressure on the dynamics of a small hydrated tropocollagen fragment. The occupancy and bond energies of interchain hydrogen bonds were relatively insensitive to temperature, suggesting that they play a key role in the stability of the collagen triple helix. The lifetimes of water bridges lengthened with decreasing temperature, but even at 280 K, no bridging water molecules exhibited icelike dynamics. We discuss the implications of these findings for the ability to emulate tissuelike conditions in hydrated collagen.